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Abstract 
The aim of this research was to optimize the utilization of Indonesian ocean wind energy potential especially around Sulawesi 
and Maluku Islands through mobile floating structure (MFS). The wind data used for analysis are scatterometer data for one year 
period which is from January to December 2008 collected by QuikScat satellite. Weibull distribution with two parameters was 
used to represent the wind model. Several methods were used to compute the distribution parameters which are linear regression 
method (LRM), maximum likelihood method (MLM) and moment method (MM). The obtained parameters are used to compute 
the energy density of the sea areas around the islands. 
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Nomenclature 
a slope of a straight line equation  MLM  maximum likelihood method 
b intercept of a straight line equation MM moment method 
c Weibull distribution scale factor  n number of wind data 
CDF cumulative distribution function  PDF probability density function 
ED energy density  v wind speed 
k Weibull distribution shape factor \ Digamma function 
LRM linear regression method * Gamma function 
Mn n-th moment of Weibull distribution Ua air density 
MFS mobile floating structure 
1. Introduction 
Indonesia has significantly abundant ocean wind energy potential, it is estimated that Indonesia has around 9.29 
GW of wind energy potential [1]. However, World Wind Energy Association reported that only 1.4 MW or less than 
0.1 % of this energy which has been explored and utilized by the end of 2012 [2]. Therefore, it is important to 
conduct a study to analyze the ocean wind energy in Indonesian sea areas in order to optimally explore its potential. 
For that purpose, the present study investigates the eastern Indonesia ocean wind energy density, especially around 
Sulawesi and Maluku Islands.  
There are several ways to harvest the ocean wind energy, including the use of a mobile floating structure (MFS). 
The main advantage of this type of structure lies on its ability to move to other locations with higher wind energy 
density so that the energy harvesting process becoming more effective and optimal. This type of structure has also 
been assessed to be implemented in other countries such as in Japan using a concept of very large mobile offshore 
structure (VLMOS) [3,4]. However, in order to implement this type of structure, it is necessary to determine the 
monthly wind energy density of the particular sea areas. Therefore, the present study will focus on determining the 
wind energy density of the sea areas around Sulawesi and Maluku Islands. 
In previous studies, data collected from meteorological stations operating around the islands are used to analyze 
the ocean wind energy potential on these sea areas [5,6]. However, because of limited access to daily data, the 
computation could not determine the energy density of sea areas every month. Consequently, the results can be 
considered to be less accurate and useful. Moreover, the previous results could not be used to analyze all sea areas 
around the islands because of the limited available data. Therefore, in order to obtain more accurate and 
comprehensive results, the presents study uses data collected by a satellite named Quikscat. The satellite uses 
scatterometer to measure the sea wind speed 10 m above sea surface [7] and provides daily, three-day averaged, and 
monthly data with accuracy of 0.25 degree earth grid. However, because of the orbital motion of the satellite, it did 
not perform measurements for all sea locations every day. Therefore, the present study will use three-day averaged 
data. 
In order to represent the characteristics and distribution of the wind model, Weibull distribution with two 
parameters is used. This distribution has also been used to analyze energy density in other locations such as in 
Turkey [8], Brazil [9], China [10] and many other locations. The distribution is characterized by the probability 
density function (PDF) and the cumulative distribution function (CDF). These functions can only be determined 
after the Weibull parameters which are shape and scale factors, were obtained. 
Obtaining these parameters is the most crucial part when adopting the Weibull distribution. Consequently, in 
order to obtain accurate and reliable results, the present study will implement three methods to compute these 
parameters which are linear regression method (LRM), maximum likelihood method (MLM) and moment method 
(MM). The computation results from these methods are compared and analyzed to investigate the accuracy of the 
methods. 
Moreover, the obtained distribution parameters are also used to compute the probability density function (PDF) 
and the cumulative distribution function (CDF). After that, the energy density of each area can be determined 
 Faisal Mahmuddin et al. /  Energy Procedia  65 ( 2015 )  107 – 115 109
straightforwardly using these parameters as well. The computation methods are implemented in self-coded software 
called Wind Energy Conversion System Analysis (WECSA) [11,12]. 
From this study, the procedures for obtaining wind energy density using the three adopted methods are shown. 
Moreover, the ocean wind energy density for sea areas around Sulawesi and Maluku Islands every month can be 
obtained. Based on these results, the sea areas which have the highest wind energy density each month can be 
determined. The chosen sea areas are used to determine the location of a wind energy conversion system which is 
called mobile floating system (MFS) in the present study, to ascertain that the MFS convert the ocean wind energy 
optimally. 
2. Wind energy analysis 
The main objective of the wind energy analysis in the present study was to obtain the distribution functions to 
represent the wind model as well as to determine the wind energy density in the particular sea areas. For that 
purposes, Weibull distribution with two parameters is used in the present study. The Weibull parameters which are 
shape (k) and scale (c) factors are estimated using 3 methods which are linear regression method (LRM), maximum 
likelihood method (MLM), and moment method (MM). The explanation about the distribution function can also be 
found in Mathew [13], Al-Fawzan [14], and Bhattacharya and Bhattacharjee [15]. 
2.1. Weibull distribution and energy density 
Wind distribution is commonly represented by Weibull distribution. The Weibull distribution is characterized by 
two functions which are probability density function (PDF) and cumulative distribution function (CDF). The 
probability density function can be determined by the following equation 
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where k is the Weibull shape factor, c scale factor and v wind speed. The cumulative density function is obtained 
by integrating (1) as follows  
      
0
1
kv
cF v f v dv e
f
  ³  (2) 
There are several methods which can be used to determine k and c. In the present study, three methods will be 
used which are linear regression method (LRM), maximum likelihood method (MLM) and moment method (MM). 
After k and c can be determined, it is straightforward to compute the energy density (ED) using the following 
equation.  
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where Ua is the air density and symbol * denotes gamma function. 
2.2. Parameter estimation methods 
2.2.1. Linear regression method 
In the linear regression method (LRM), CDF is transformed into a linear form, adopting logarithmic scales. The 
expression of CDF can be rewritten as follows 
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Taking the logarithmic twice on both sides, the following equation is obtained 
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By plotting ln vi as x-axis and left side of (5) as y-axis, a straight line equation y ax b  can be obtained. The 
slope of the straight line equation (b) is the shape factor (k) and its intercept (a) represents the value of lnk c . 
Therefore, the scale factor (c) can be determined using the following formula 
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2.2.2. Maximum likelihood method 
The maximum likelihood method is one of popular methods to compute the shape and scale factors because its 
ability to deal with large number of data. In the maximum likelihood method, the likelihood function is given as  
 
1
( , , )v ii
n
i
L f v k c
 
   (7) 
where n is the number of data. By substituting PDF shown in (1) into (7), the following equation is obtained  
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In order to obtain the shape (k) and scale (c) factors which maximize the function L(v,k,c), logarithmic of (8) is 
taken; derived with respect to k and c; and equalized with zero. By performing these procedures, the following 
equations are obtained. 
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By eliminating c from (9) and (10) and simplify it, the following equation can be written  
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(11) can be solved by a standard iterative procedure. In the present study, the following Newton-Raphson method 
will be used 
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where f(k) and f’(k) can be obtained from (11) as follows 
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After k is obtained, c can be computed conveniently using (10) as follows  
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2.2.3. Moment method 
The moment method (MM) is another technique commonly used in estimating the Weibull distribution 
parameters. The n-th moment Mn of the Weibull distribution is given by  
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If M1 and M2 are the first and second moments, respectively, c can be obtained as  
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Similarly, 
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In this method, M1 and M2 are calculated from wind data. Therefore, (18) can be rewritten as follows 
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By solving (19) with a standard iterative procedure, k can be obtained. The obtained k is then inserted into (17) to 
obtain c. In order to solve (19), the Newton-Raphson method shown in (12) is also used. For this case, f(k) and f’(k) 
are shown as follows 
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where \ denotes digamma function.  
3. Research location and data 
The location of the present research are the sea areas around Sulawesi and Maluku Islands. There are 32 sea areas 
investigated in the present study. The locations and names of the sea areas can be seen in the following figure and 
table, respectively. 
 
 
Fig. 1. Map and numbers of the sea areas 
Table 1. Sea numbers and names of the sea areas around Sulawesi and Maluku Islands 
Sea no Sea names Sea no Sea names Sea no Sea names 
1 North Bone Bay 12 North Maluku Sea 23 East Banda Sea 
2 South Bone Bay 13 North Halmahera Sea 24 Bau – bau Sea 
3 Selayar Sea 14 East Halmahera Sea 25 Wakatobi Sea 
4 Western South Sulawesi Sea 15 West Halmahera Sea 26 Flores sea 
Continue on next page 
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Table 1. Continued.  
Sea no Sea names Sea no Sea names Sea no Sea names 
5 South Makassar Strait 16 Southern North Sulawesi Sea 27 North Banda Sea 
6 Middle Makassar Strait 17 South Tomini Strait 28 South Ambon Sea 
7 North Makassar Strait 18 North Tomini Strait 29 East Seram Sea 
8 North Sulawesi Sea 19 South Maluku Sea 30 West Seram Sea 
9 Bitung-Manado Sea 20 Banggai Sea 31 Halmahera Sea 
10 Sangihe Sea 21 Tolo Strait 32 Sula Sea 
11 Talaud Sea 22 Manui Sea   
Analyzed data in the present study are collected by QuikScat satellite for one year which is from January to 
December 2008. The averages of three-day measurements are used to determine the energy density in order to be 
able to obtain energy density every month for each sea area.  
Because of the limited space, not all computation data will be shown. Only one sea areas will be chosen as an 
example to demonstrate the computation procedures. For this purpose, the data of South Bone Bay in January 2008 
is chosen. Wind data of the South Bone Bay in January 2008 are shown in the following table. 
Table 2. Wind speed of South Bone Bay in January 2008 
Day Wind speed (m · s–1) Day Wind speed (m · s–1) Day Wind speed (m · s–1) 
1 6.4 12 6 23 3.4 
2 5.4 13 5.8 24 3.6 
3 8.2 14 4.4 25 3.4 
4 8.2 15 3.8 26 3.4 
5 9.4 16 3.2 27 4.2 
6 7.2 17 3.8 28 4.6 
7 5.6 18 3.4 29 5.2 
8 4.6 19 4.2 30 5 
9 4.8 20 4 31 5.4 
10 5.6 21 4.2   
11 5.4 22 3.8   
4. Results and discussion 
In order to demonstrate the computation procedures of the three methods adopted in the present study, wind data 
from one sea area will be taken as a computation example. For this purpose, data of South Bone Bay in January 
2008 as shown in Table 2 are chosen. The computation results of the shape and scale factors as well energy density 
of the chosen location computed by the three methods are shown in the following table. 
 
Table 3. Computation results for South Bone Bay 
Method Shape Scale Energy density (watt · m–2) 
LRM 3.869 4 5.556 8 97.220 5 
MLM 3.331 3 5.580 7 102.407 4 
MM 3.331 4 5.511 8 98.659 3 
 
From Table 3, it can be seen that the computation results of LRM, MLM, MM in terms of energy density are very 
similar. By considering the results shown above, it would be reasonable to choose the computation results of energy 
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density from either LRM, MLM or MM to determine the highest energy potential available in the sea areas 
investigated in the present study. 
Moreover, using the shape and scale parameters shown in Table 3, the probability density function (PDF) and the 
cumulative distribution function (CDF) of the Weibull distribution for South Bone Bay in January 2008 can be 
obtained using (1) and (2), respectively. The computation results are shown in the following figures. 
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(b) 
Fig. 2. PDF and CDF of South Bone Bay in January 2008 
 
From Fig. 2(a), it could be observed that there is only a slight difference of computation results of PDF and CDF 
obtained using MLM and MM. However, larger difference can be noticed with the use of LRM method. The results 
trends can be justified considering the computation results of shape factor in Table 2. In this table, the shape factor 
computed by MLM is closer to MM computation result than the one computed with LRM while computation results 
of scale factor obtained with MLM is closer to LRM result than the one from MLM. Therefore, it can be observed 
that the shape factor tends to be more dominant in computing PDF and CDF compared to scale factor. The same 
conclusion has been drawn from previous studies in [5,6]. 
Moreover, it can also be observed from Fig. 2(a) that the forms of the PDFs computed by all methods are almost 
symmetric where the highest wind speed probabilities are in the range of (4 to 6)  m · s–1 while it can be noticed from 
Fig. 2(b) that most wind speed in South Bone bay are below 7.5 m · s–1. With similar procedures, other sea areas are 
also computed. From all of these computations, the energy density of all sea areas around Sulawesi and Maluku 
Islands for each month can be obtained. The sea areas which have the highest energy density each month can be 
seen in the following table. 
 
Table 4. Sea areas with highest energy density every month 
Month Sea names 
Energy density 
(watt · m–2) 
 
Month Sea names 
Energy density 
(watt · m–2) 
January Flores Sea 478.95  July East Banda Sea 615.13 
February Selayar Sea 596.90  August North Banda Sea 447.86 
March Talaud Sea 150.68  September South Makassar Strait 227.19 
April East Banda Sea 314.27  October South Makassar Strait 201.13 
May East Banda Sea 384.64  November Talaud Sea 150.57 
June North Banda Sea 419.59  December South Makassar Strait 271.95 
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Table 4 elucidates that even though the sea areas which have the highest wind energy densities change almost 
every month, East Banda Sea and South Makassar Strait are shown to have more number of highest energy density 
than other sea areas. Moreover, the maximum energy density is found to be 596.90 watt · m–2 which occurs at 
Selayar Sea in February. This information will be used when determining the location of the wind energy 
conversion system or the mobile floating structure (MFS) every month. 
5. Conclusion  
In the present study, ocean wind energy potential of the sea areas around Sulawesi and Maluku Islands are 
investigated using scatterometer satellite data for one year in year 2008. The wind characteristics are represented by 
Weibull distribution with two parameters. The parameters are computed using three methods which are linear 
regression method (LRM), maximum likelihood method (MLM) and moment method (MM). From this study, the 
sea areas which have the maximum wind energy density can be obtained. These results can be used in considering 
the location of the wind conversion system. 
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